Abstract : This paper investigates the utility and validity of bioassay toxicity testing using Daphnia magna straus as test organism for monitoring the common effluent treatment plant (CETP) receiving both industrial as well as domestic effluent. The average daphnia toxicity (Gd) at inlet, after primary settling tank (PST), secondary settling tank (SST) and tertiary treatment unit were reported as Gd-16, Gd-12, Gd-4 and Gd-1 respectively. However, a cumulative percentage removal in toxicity after PST, SST and tertiary treatment units was observed as 25%, 75% and 100%, respectively, during entire study period. It showed that a complete removal in daphnia toxicity (Gd) i.e.100% had been achieved only after tertiary treatment unit involving Dual Media Filters followed by activated carbon filters. Further attempts have been made to establish the relationship between key wastewater constituents i.e. Chemical Oxygen Demand (COD) and Suspended Solids (SS) with respects to daphnia toxicity (Gd). It was observed that COD and SS show a statistically significant correlation (r 2 ) with daphnia toxicity (Gd) i.e. 0.89 and 0.81, respectively. Thus COD and SS can serve as a regulatory tool in lieu of an explicit toxicity standard (to check and improve the operational status of wastewater treatment plants in time).
INTRODUCTION
Water pollution has become a major threat to the existence of living organisms in aquatic environment. A huge quantity of pollutants in the form of domestic and industrial effluents is discharged directly or indirectly into the water bodies, which has severe impacts on its biotic and abiotic environment (Turk and Turk, 1984) . The standard quality of waste effluents has traditionally been based on the control of global parameters such as biochemical oxygen demand (BOD), Chemical Oxygen Demand (COD) or Total Suspended Solids (TSS) according to the waste water treatment directive 91/271/EEC. The detection of these parameters alone is not sufficient, as the waste water generated from small scale industries may contains large amount of chemicals, many of which may be present in such a low concentrations that these may be beyond detection limit and for many of them even the analytical techniques are inadequate. Secondly, the physico-chemical analysis is not only quite complicated, expensive and time consuming process, but also lacks the information about the additive, antagonistic or synergistic effects of various chemicals on biotic community in aquatic ecosystem (Villegas -Navarro et al., 1999) . Therefore, effective tools for the evaluation of negative effects of waste effluent on living organisms are needed. The toxicity test is one of such parameters, which covers all above shortcomings and can be used as summary parameters (easier, cheaper, effective and less time consuming). The measure of toxicity is an integral view of the sum of all interacting components in the sample. The purpose of regulatory toxicity testing is to produce baseline data for environmental hazard and risk assessment of chemicals, to be used in regulating the discharge of wastewater treatment systems. Bioassay has been extensively used to document toxicity of surface water and evaluate the potential toxicity of discharges into these waters (Blinova, 2000) . Numerous studies have been made to understand the toxic effects of waste effluents on fish, but relatively little attention has been paid to their adverse effects on plankton. In view of the importance of cladocerons as an important link in the food chain in aquatic ecosystem, the present work was carried out upon the toxic effects of waste effluents on Daphnia magna straus. Which is highly sensitive to toxic substances, has short generation time, multiplies very rapidly, easily acclimatizes in laboratory condition, cultured in a small space and can be measured in a relatively short period (APHA, 1998 and German Standard Method, 1989) . Earlier studies revealed that Daphnia magna could be used as a sensitive indicator for effluent ISSN : 0974-9411 All Rights Reserved © Applied and Natural Science Foundation www.ansfoundation.org (Verma et al., 2003) . The acceptance of bioassay toxicity test as an effective analytical tool requires guarantees of standardization and validation of the experimental procedure to evaluate its sensitivity, accuracy or precision. In this sense, the main objectives of this work was to assess the utility of toxicity tests and to apply the bioassay toxicity testing for monitoring of wastewater treatment plants.
MATERIALS AND METHODS
Site study : Toxicity evaluation study was carried out at the CETP, located at Mangolpuri industrial area, Phase I, West Delhi Segment. The designed treatment capacity of the plant is 2400 m 3 /d (2.4 MLD) and it receives the waste effluent from 570 industrial units includes rubber, food processing, dying, plastic, and electroplating industries.
The treatment system consist of primary treatment with screens, grit chamber, equalization tank, primary clarifier followed by secondary treatment with complete mix activated sludge process, secondary clarifier and tertiary treatment units involving dual media filter (sand filter) and activated carbon filters. Sludge handling facilities consists of gravity thickener, sludge digester and sludge drying beds.
Sampling : Wastewater samples were drawn from receiving chamber (raw wastewater), after primary and secondary clarifier and clean water sump (finally treated effluent). Composite sampling was adopted as per standard method (APHA, 1998), to avoid possibly daily variation in the composition of flow. Wastewater samples for toxicological analysis were collected in non-reactive sterilized borosilicate glass bottles of 500 ml capacity. The sample were transported in an ice box to Bio-Science laboratory of Central Pollution Control Board, Delhi and stored at a temperature of 4 o C to avoid deterioration. The toxicity test was carried out within next 24 hr.
Sampling Analysis : Bioassay test using Daphnia magna were conducted following the German Standard Method (1989), METHOD DIN 38412-L30. COD was defined as the amount of oxygen consumed in the sample during it's chemically digestion over 2 hrs at 150 0 C. (APHA, 1998). Data were expressed in mg O 2 /l. Suspended Solids (SS) were estimated as the weight of solids material retained on pre-weighted Whatman filter paper after filtering a known volume of sample and drying the filter / membrane at 105 0 C until a constant weight was reached. Data were expressed in mg/l. The wastewater samples collected from the various treatment units of CETP were analyzed for weekly/ monthly variations from December 2001-March 2002.
Daphnia magna used in the experiment were selected from the laboratory stock culture, maintained at 24± 1 0 C 
RESULTS AND DISCUSSION
Toxicity removal efficiency of CETP : Table 1 gives the descriptive data (average) on sampling frequency, Daphnia magna toxicity (Gd), COD and SS concentration at different treatment levels and the overall plant efficiency w.r.t. to percentage removal of abovementioned parameters.
The variations in Gd, COD and SS concentrations are also illustrated graphically in fig.1 , 2 and 3. The mean influent toxicity was Gd-16. Toxicity after primary, secondary and tertiary treatment units was found to be Gd8-Gd12, Gd3-Gd4 and Gd1, respectively. The toxicity of wastewater is reduced cumulatively from influent to effluent. The mean percentage removal in toxicity after primary, secondary and tertiary treatment units were found to be 29%, 76% and 100%, respectively. It shows that treatment of wastewater up to secondary level is not 8-12 (2009) limits of impurity in water from natural effluents, as well as to determine the efficacy of a good sanitation method (Villegas-Navarro et al., 1999) . The mean influent COD and SS were found in the ranges of 349 mg/l and 160 mg/l, respectively. After primary, secondary and tertiary treatment both COD and SS were observed within a mean range of 254 mg/l, 150 mg/l, 123 mg/l and 146 mg/l, 110 mg/l and 26 mg/l, respectively. The findings revealed that a systematic removal in COD and SS concentration founds from influent to effluent. The mean percentage removal in COD and SS after primary, secondary and tertiary treatment level had been found to be 27%, 57%, 65% and 10%, 31% and 84% respectively. Thus the observations discloses that COD, SS and Daphnia toxicity (Gd) reduce slightly at primary treatment level and significantly at secondary treatment level, while as the optimal and maximum removal in Gd, COD and SS concentration were found at tertiary treatment level. Figure  4 shows the cumulative percentage reduction of performance parameters at different treatment levels of CETP. . It shows that Gd value could be more strongly correlated to COD than SS. The observations revealed that an efficient final clarification step, which eliminates COD and SS in wastewater, plays a central role in toxicity reduction in conventional wastewater treatment system. Therefore, for up gradation of sewage treatment plant in terms of toxicological quality, the effluent suspended solids and chemical oxygen demand should be as low as possible by providing optimal treatment and settling conditions to the aeration and sedimentation tanks. Moreover our results indicate that toxicological pollution to receiving natural waters was not strongly dependent on influent water quality or seasonal variations instead, it was related to the efficiency of treatment processes in removing organic loads i.e. COD and SS. Our observations are in concomitant with the findings of Hernando et al., (2004) . According to Hernando et al., (2004) the use of biological assay can provide a direct and appropriate measure of toxicity to complement the physico-chemical measures of the quality of wastewater. Finally the authors believe that more discussion should be undertaken regarding the efficacy of process requirements versus toxicological quality goal of secondary or tertiary treated water.
Conclusion
The following conclusion can be put forward from this study: (i) This test can be considered as useful analytical tools for screening of chemical analysis and early warning system to monitor the different operational units of wastewater treatment plants, (ii) Interrelationship between COD, SS with respect to Daphnia toxicity (Gd) suggests that improvements of the toxicological quality of wastewater could be linked to the removal of both COD and suspended solids. Both the parameters (COD & SS) can serve as a regulatory tool in lieu of an explicit toxicological standard, (iii) The toxicity testing could be help to reduce influent toxicity and thereby avoid impacting microorganism's population in activated sludge systems and (iv) The bioassay method is indispensable and complimentary and support the earlier view that Daphnia magna can serve as a valuable model for bio-monitoring of water pollution and for evaluation of the toxicity of an effluent and risk assessment in an aquatic body, as it is highly sensitive to pollutants.
